Abstract: Background and objectives: Autism Spectrum Disorder (ASD) is a complex neuro-developmental disorder and it has been suggested that symptoms of ASD are associated with neural networks that regulate the Autonomic Nervous System (ANS). However, the nature of autonomic atypicalities in ASDs remain largely unknown. Measures like Heart Rate Variability (HRV) and urinary Vanillylmandelic Acid (VMA) estimation are sensitive and non-invasive physiological and biochemical indicators of autonomic nervous activity. This study aimed to compare the physiological and biochemical autonomic indices in children with and without ASD. Materials and Methods: In this case-control study, 40 children with autism and 40 Typically Developing (TD) children were recruited. Measures of physiological autonomic index were assessed by the analysis of short term HRV, and the urinary levels of VMA estimation was used as a biochemical autonomic index. Results: Cardiac sympathetic activity assessed by Low Frequency (nu) of HRV was significantly higher in the ASD group in comparison with the TD group (p = 0.006). On the contrary, both the High Frequency (abs) and (nu) of HRV were found to be significantly lower in autistic children (p = 0.034 and p = 0.000) than controls. Autistic children also exhibited a significantly higher level (p = 0.049) of VMA concentration compared to TD children. Conclusion: The study concludes that children with ASD exhibit lower cardio-vagal activity as measured by HRV and increased sympathetic activity as assessed by urinary VMA compared to that of TD children. The core autistic symptoms exhibited by children with ASD could be due to the differences in baseline arousal or stress which might be associated with autonomic dysfunction. Further studies are needed to examine the association of this autonomic dysregulation with ASD symptoms and comorbidities.
Introduction
The physiological responses provided by the peripheral Autonomic Nervous System (ANS) are critical for maintaining homeostasis, physiological flexibility as well as acute adaptations to stressful situations which are mediated through multiple chemical coding systems thus maintaining body homeostasis. The areas of the central autonomic network like brainstem, prefrontal cortex, amygdala, limbic system, and hypothalamus are associated with autonomic control that integrates autonomic function [1] . ANS also is responsible for cognitive, affective, and behavioural responses and its deregulation is found in diverse neuro-psychological disorders. An extensive body of literature of catecholamines occurs via multiple pathways resulting in the production of a wide variety of end metabolites, Vanillyl Mandelic Acid (VMA) being one among them. VMA being excreted in urine in large amounts, makes its measurement simple, easy to implement, and is therefore widely used in diagnosis [18] . Plasma norepinephrine concentrations have been reported to be elevated in autism in studies done by Launay et al. (1987) [17] . Reduced urinary free catecholamine concentration was reported in a group of boys with childhood autism compared to normal boys of similar age by Young et al. in 1978 [19] . Increased concentration of urinary homovanillic acid which is a degradation product of dopamine is also reported in patients with ASD [20] . However, to the extent of our knowledge, no study has been performed till date assessing both HRV and urinary VMA concentrations in ASD children as an autonomic index.
Based on all these studies, we addressed the hypothesis that ASD children are characterized by altered autonomic activity. Therefore, this study aimed to compare the physiological and biochemical autonomic indices in children with and without ASD by assessing short term HRV and urinary VMA concentration.
Materials and Methods
This is a case-control study conducted during the period from April 2016-September 2018, in K. S. Hegde Charitable Hospital, Deralakatte and Special schools in and around Mangalore, Karnataka, India.
Study Population
Two groups of children within the age group of 3-14 years participated in this study; (a) children diagnosed with ASDs (n = 40) and age and gender matched (b) Typically Developing (TD) children (n = 40). A total of 112 children were recruited for the study including 63 autistic children and 49 TD children. However, reliable statistical data could only be obtained for 40 autistic (n = 40) and 40 TD (n = 40) children. Out of the autistic children 24 were boys and the rest (16) were girls, whereas the TD group comprised of 26 boys and 14 girls. Details of the sample recruitment is provided in Figure 1 . to be elevated in autism in studies done by Launay et al. (1987) [17] . Reduced urinary free 97 catecholamine concentration was reported in a group of boys with childhood autism compared to 98 normal boys of similar age by Young et al. in 1978 [19] . Increased concentration of urinary 99 homovanillic acid which is a degradation product of dopamine is also reported in patients with ASD 100 [20] . However, to the extent of our knowledge, no study has been performed till date assessing both 101 HRV and urinary VMA concentrations in ASD children as an autonomic index.
102
Based on all these studies, we addressed the hypothesis that ASD children are characterized by 103 altered autonomic activity. Therefore, this study aimed to compare the physiological and biochemical 104 autonomic indices in children with and without ASD by assessing short term HRV and urinary VMA 105 concentration. 106
Materials and Methods 107
This is a case-control study conducted during the period from April 2016-September 2018, in K.
108
S. Hegde Charitable Hospital, Deralakatte and Special schools in and around Mangalore, Karnataka, 109
India, 110
Study population 111
Two groups of children within the age group of 3-14 years participated in this study; (a) children 112 diagnosed with ASDs (n = 40) and age and gender matched (b) Typically Developing (TD) children 113 (n = 40). A total of 112 children were recruited for the study including 63 autistic children and 49 TD 114 children. However, reliable statistical data could only be obtained for 40 autistic (n = 40) and 40 TD 115 (n = 40) children. Out of the autistic children 24 were boys and the rest (16) were girls, whereas the 116 TD group comprised of 26 boys and 14 girls. Details of the sample recruitment is provided in Figure  117 1 .  118  119  120  121  122  123  124  125  126  127  128  129  130  131  132  133  134  135  136  137  138 139 140 
142
Invited to the study (n = 112) Excluded (n = 8)
•
Not meeting inclusion criteria

Not interested in participating
Enrolled in the study (n = 104) Excluded (n = 16)
• Presence of artifacts and other disturbances.
•
Quality of ECG recording
Eligible (n = 88)
Incomplete data (n = 8) 
Study Setting
Subject recruitment and ECG recording for HRV analysis were conducted in K. S. Hegde Charitable Hospital, Deralakatte, and Special schools in and around Mangalore. Data analysis was performed in the research lab of the Department of Physiology of K. S. Hegde Medical Academy, Mangalore. Autistic children were recruited from Psychiatric, Paediatric and Speech-language pathology departments of K.S Hegde Charitable Hospital, Special schools, and speech therapy centres in Mangalore. TD children were recruited from nearby schools and had no history of mental and neurodevelopmental disorders and had normal school performance. ASD children and TD children were all investigated under the same conditions.
Ethical Consideration
The study was conducted according to the guidelines of the Declaration of Helsinki, and all procedures involving human subjects were approved by the Central Ethics Committee of Nitte University and the Institutional Ethics committee of K. S. Hegde Medical Academy, Deralakatte, Mangalore. The ethical approval number is NU/CEC/2017-2018/0104, accessed on 13/02/2017. Each subject and his/her parents received written and oral information about the nature and purpose of the study and presented a signed informed consent form before participating in the study.
Screening of Study Subjects
The diagnosis of ASD was made by an experienced Psychiatrist or Clinical Psychologist according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria [21] and based on previous psychiatric reports. A medical practitioner confirmed the ASD diagnosis in the autistic group and normal functioning in the control group. The severity of autism was rated using the Childhood Autism Rating Scale (CARS-2), which is a behaviour rating scale. It consists of two 15-item rating scales which are completed by a trained clinician, and a Parent/Caregiver questionnaire. CARS-2 identifies children 2 years and older with ASD and distinguishes between mild to moderate and severe autism.
Inclusion and Exclusion Criteria
Inclusion criteria used for enrolling children for the ASD group were: Primary ASD diagnosis, ability to perform the study, absence of any psychiatric symptoms and other comorbid mental disorders, and this was confirmed by a supervised specialist in child and adolescent psychiatry according to DSM-5 diagnostic criteria prior to examination on the same day. Selected children had neither cardiac nor respiratory diseases that may alter the HR response. None of the participants in either group were prescribed any psychiatric medications nor had documented comorbid disorders (e.g., attention-deficit/hyperactivity disorder, obsessive-compulsive disorder, seizure disorder) at the time of the study. Children with acute infections and diagnosis of disruptive behaviour disorders, profound Intellectual disability (IQ < 70), with disorders of autonomic dysfunction and any other medical illness at the time of recording were excluded as all these conditions would affect the HRV parameters evaluated in the study.
Data Collection
Subjects satisfying our study criteria were screened by a trained psychologist or paediatrician. Following this, subject anthropometric characteristics like height (m), weight (kg), basal Blood Pressure (BP) and Heart Rate at rest (HR rest in bpm) was recorded during rest. The measurement was conducted on the basis of widely accepted and applied rules, while the height was measured with an accuracy of 0.5 cm and the weight with an accuracy of 0.1 kg. Following this, physiological autonomic measure was evaluated by assessing HRV which is derived from lead II ECG recording. Further, urinary VMA concentration was also estimated as the biochemical autonomic indicator.
Preparation for the Recording
Participants were seated in a comfortable chair in a sound attenuated room with the temperature controlled between 23 • C and 25 • C. They were allowed to rest initially for 10 minutes to get accustomed to the study setting. Meanwhile, the ECG electrodes were placed and the equipment setting and the quality of records were tested. Only the recording person, speech therapist, and parent/caregiver of the subject were present during the study procedure. A familiar person accompanied the participants to increase comfort with the setting and experimental phases. The time required for recording varied from subject to subject depending on their psychological status during the procedure. For TD children the study procedure went on for approximately 20-25 minutes, including the initial time taken for subjects to adapt to the study setting.
Assessment of Physiological Autonomic Activity
The cardiac autonomic activity was assessed using HRV indices, derived from lead II ECG. For recording ECG, firstly, discoid Ag/AgCl electrodes were placed on the subject's skin after thorough cleaning. These are the most common electrodes used for recording biological signals as it generates low noise level during the recording. Lead II Electrocardiogram (ECG) was then recorded using a computerised 4-channel data acquisition unit (Power lab 26-T, AD instruments, New South Wales, Australia) in sitting position for 5 minutes.
Analysis of HRV Indices
From the ECG recording, a sequential series of successive R-R intervals were obtained which was validated before analysis using a standardised procedure as recommended by the Task Force of European Society of Cardiology [12] . From the raw signal obtained, all possible artifactual beats were eliminated up to a maximum of 2% which could be ectopic beats, arrhythmic events, missing data, and electrical 'noise'. Finally, a series of rectified R-R intervals were obtained. The data so gathered were then subjected to short term spectral analysis of HRV using Fast Fourier Transform (FFT). Frequency domain analysis of HRV indices were calculated on the most stable 256 consecutives R-R intervals which quantified the spectral density of the Low Frequency (LF), 0.04 to 0.15 Hz and the High Frequency (HF), 0.15 to 0.40 Hz power bands and the total power (TP), variance of all RR intervals all expressed in ms 2 (Task Force1996). LF components represent both parasympathetic and sympathetic modulations [22] whereas HF is associated to parasympathetic modulation [12] . LF/HF ratio was also calculated, which constitutes evaluation of the ANS balance (sympathetic/parasympathetic). If this ratio is <1, it shows a parasympathetic predominance, whereas a ratio above 1 reflects sympathetic predominance [8, 12] . From the report obtained, total power (TP in ms 2 ), absolute, and normalized units of HF and LF -HRV indices and LF/HF ratio were considered for statistical analysis.
Estimation of Urinary VMA Concentrations
Proper guidelines for the collection of the urine were explained to the subject. Subjects were asked to avoid the consumption of substances like banana, vanilla-containing food, coffee, and chocolate that can interfere with VMA estimation before urine collection [18] . Approximately 10 ml of 24 h urine sample was collected from all subjects in sterile urine containers and stored at −80 • C to maintain the viability of the metabolites present. VMA analysis was later performed using suitable ELISA kits and the results were analysed.
Statistical Analysis
For each quantitative index in this study, the Gaussian/non-Gaussian distribution was ascertained by applying the Shapiro-Wilk normality test and accepted if the results were p > 0.05. For the parametric distribution the mean accompanied by Standard Deviation (SD) values were presented and Student's t-test was applied to compare indices between ASD and TD groups, while for the nonparametric distribution the median accompanied by minimum and maximum values (IQ range) were presented and the Mann-Whitney U test was applied for comparison. Probability value p < 0.05 was considered as statistically significant. All the statistical analysis was performed using the SPSS 20.0. (SPSS-Inc., 233 South Wacker Drive, Chicago, IL, USA) Software package.
Results
Subject Characteristics
The general subject characteristics are summarized in Table 1 . The results suggest that autistic children exhibited a significantly higher BMI kg/m 2 compared to their non-autistic counterparts with a p-value of 0.01. All other characteristics like age, height, weight, SBP, DBP, and basal heart rate did not show any significant difference between the groups. SBP, DBP, and heart rate were found to be higher in the autistic group but did not reach a statistically significant level. Table 2 shows comparison of HRV indices between the study groups. The HF absolute units were found to be significantly lower in the ASD group than the TD group (p = 0.034); on the contrary, the LF absolute indices, despite exhibiting a higher range in ASD, was not significantly higher (p = 0.381) compared to their non-autistic counterparts. Figure 2 depicts the significantly lower HF (abs) units value in ASD compared to TD children. The HF and LF nu followed a normal distribution and showed a statistical significance between the groups. HF (nu) was significantly lower in the ASD group (p = 0.000), whereas LF (nu) was significantly higher in the ASD group in comparison with their TD group (p = 0.006). Owing to the higher LF and Lower HF (nu) values in the ASD group, their ratio also revealed a significantly higher value (p = 0.000) between the groups. Figure 3 is the graphical representation of statistical significance of the LF/HF Ratio between the groups. The TP values (p = 0.870) on the other side did not exhibit any significant difference between the groups. 271 Table 3 and Figure 4 shows that the autistic children exhibited a significantly higher level (p = 272 0.044) of VMA concentration compared to TD children, but still within the normal range. The normal 273 reference range for urinary VMA level in Children 3-8 years < 2.3mg/24h, Children 9-12 years < 274 3.4mg/24h and Children 13-17 years <3.9mg/24h. Figure 4 shows that the autistic children exhibited a significantly higher level (p = 0.044) of VMA concentration compared to TD children, but still within the normal range. The normal reference range for urinary VMA level in Children 3-8 years < 2.3 mg/24 h, Children 9-12 years < 3.4 mg/24 h and Children 13-17 years <3.9 mg/24 h. Table 4 depicts the correlation of HRV and urinary VMA concentration with severity of autism. No significant correlation was found between severity of autism and any of the indices. 
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Discussion
ASD symptoms are associated with pervasive abnormalities in the central nervous system including structures and networks involved in the regulation of ANS. Physiological measures like HRV and biochemical indices like urinary VMA estimation offer sensitive and non-invasive indicators of autonomic nervous activity. Although many studies have reported alterations in ANS activity in adults and children, not many data are available on cardiac and biochemical autonomic measures in children with ASD. The current study compared the cardiac and biochemical autonomic patterns between ASD and TD children by assessing HRV and urinary VMA, respectively. Findings of our study showed that the ASD population exhibits lower cardiac vagal activity as assessed by HRV and increased sympathetic measure as assessed by urinary VMA compared to that of TD children.
Analysis of anthropometric measures showed that the ASD group had higher BMI than TD children, indicating a greater risk of developing chronic diseases such as heart disease and diabetes among the ASD group in their later life. Higher BMI observed among the ASD group might be due to their sedentary lifestyle, stereotypical and unhealthy feeding habits, and rarely due to underlying genetic causes.
The results of cardiac autonomic measures showed that ASD children are associated with reduced baseline cardiac parasympathetic, increased sympathetic activity, and therefore elevated sympathovagal balance. This is reflected by lower HRV indices like HF-HRV (abs and nu) and higher HRV indices in LF-HRV (nu) and LF/HF ratio among ASDs. Similar results were obtained on the comparison of these variables between ASD and TD children in the category of two age groups. Further, our study population recruited in ASD and TD groups were age-and gender matched, indicating that the covariates like age and sex did not contribute for the differences in autonomic indices observed between our study groups.
Measures of HRV are being increasingly applied in investigations of the central autonomic state and to study the fundamental links between various psychological processes and physiological functions [13] . As the HF-HRV spectrum assesses parasympathetic activity, the difference in parasympathetic response in our study suggests that children with ASD are more stressed under 'resting' conditions than TD children. LF spectrum is a parameter that includes both sympathetic and parasympathetic activities [22, 23] and the presence of a significant difference of LF values, and LF/HF ratio between our two groups confirms that ASD and TD groups have an altered cardiac autonomic function. Our findings of decreased cardiovagal modulations as manifested by decreased HF-HRV components are consistent with most of the previous studies reporting decreased vagal cardiac regulation in ASD [6] [7] [8] 24] . Studies in children with ASD compared to TD controls under resting conditions as well as during mental stress have frequently reported increased heart rate suggesting an increased sympathetic activity [2, 6] . Autistic children exhibited an increased sympathetic activity, whereas TD children exhibited a decrease in sympathetic influence during social interaction with a familiar person [24] . Studies by Porges et al. in 2003 have revealed that autonomic imbalance in the form of sympathetic over activity and low parasympathetic activity can be associated with difficulties in social behaviour resulting in a potentially higher risk of cardiovascular morbidity in ASD children [25] . An elevated LF\HF ratio and reduced HF-HRV indices thoroughly replicates a dominant sympathetic balance, in which the "fight or flight" response is hyperactive, and the parasympathetic "brakes" on the autonomic nervous system are under-utilized [26] . The recent conceptualizations of stability and instability in biological systems depends mainly on autonomic flexibility displayed within the body in response to changing environmental conditions, which autistic children are lacking [27] . Thus, the stereotypical behavioral response in ASD could be associated with their impaired autonomic nervous activity.
A comparison of urinary VMA levels between two study groups reveals an increase in urinary VMA concentration in the ASD group compared to the TD group, indicating increased sympathetic activity in the ASD group. Studies on serotonin and catecholamine neurotransmitter systems strongly suggest that neurochemical factors play a major role in autism [28] . In the present study, urinary VMA, a major metabolite marker of catecholamine, was significantly higher in autistic children than in the control group, which may be related to frequent stressful situations to which autistic children are subjected.
Even though the estimated urinary VMA values fall in the normal range for both the groups, there is a trend of increased levels of urinary VMA concentration in the ASD group compared to controls, though not statistically significant. The outcome of urinary VMA analysis supports the finding of cardiac sympathetic overactivity, as obtained from HRV analysis among the autistic group compared to controls. Further studies with a higher sample size may be able to conclude whether it can be used as a biomarker for autonomic dysfunction ASD.
Aspects like worse handling of stress, over-elicitation of the physiological response, or dysfunctional stress response systems might contribute to the increased response of autistic children to stressors [29] . However, due to the pervasive effects of ANS on multiple systems, clinical manifestations can vary widely, not only between various disorders but also within a particular disorder [4] . Though the measurement of salivary cortisol is a biomarker for the evaluation of acute stress, our study did not involve any task/activities inducing acute stress, and all the autonomic parameters were assessed under basal/resting conditions. Therefore, we did not consider the evaluation of salivary cortisol levels in our study population. However, the measurement of hair cortisol would have provided the levels of chronic stress which was not performed in our study population and that is one of the limitations of this study.
Autism severity of the study subjects were evaluated by administering the Childhood Autism Rating Scale (CARS). Based on the obtained scores, we assessed the strength of association of severity of autism with cardiac autonomic and biochemical parameters using Spearman rank correlation for non-parametric variables and Pearson correlation for parametric variables. However, there was no statistically significant correlation of severity with any of the variables (Table 4 ). This could be due to the relatively lesser number of autistic children in the severe grade in our study.
Our study was the first of its kind in an Indian Scenario to investigate both physiological and biochemical autonomic measures in the same study population of ASDs. Our finding is based on a relatively small sample size; therefore, evaluation including a larger study population and using sensitive psycho-physiological measures like sympathetic skin response would help in the better understanding of autonomic neural activity in autism spectrum disorders. The study of autonomic regulation in childhood psychiatric disorders may provide a better understanding of the etiology and aids in the prevention of cardiovascular diseases in adults [30] . Therapeutic interventions in autonomic dysfunctions and monitoring of autonomic functions will provide a new avenue for both the understanding and treatment of autism. Aggression, anxiety, as well as the core symptoms of autism can be treated through interventions focused on autonomic function [5] . The finding of ANS dysregulation in this study may ultimately suggest new treatment targets in ASD, and lead to inexpensive and non-invasive markers for deficits associated with this disorder.
Conclusions
The findings of our study showed that children with ASD exhibit lower cardiac vagal activity as measured by short term HRV and increased sympathetic activity assessed by urinary VMA compared to that of TD children. The core autistic symptoms which include impaired social interaction, repetitive and stereotypical behaviour could be a result of the differences in baseline arousal or stress which may be associated with impaired autonomic nervous activity. Future studies are needed to examine the association of this deregulation of ANS with symptoms and co-morbidity of ASDs. 
